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5 Abstract67 This paper examines the development of a road network through time to consider 8 its relationship to processes of urbanisation in Roman and early medieval England. 9 Using a popular network measure called PageRank, we classify the importance of 10 nodes in the transport network of roads and navigable waterways to assess the 11 relative location of urban places. Applying this measure we show that there is a 12 strong correlation between the status of towns in both Roman and medieval 13 periods and their proximity to transport nodes with high values of PageRank. 14 Comparison between two temporally distinct networks—Early Roman, and that 15 recorded in the Domesday survey of AD 1086—allows for a discussion about the 16 determinants of urban growth at different times. The applicability of PageRank to 17 other forms of network analysis in archaeology are offered in conclusion.
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24 1. Introduction25 Applications of network science (Gross and Sayama, 2009; Lewis, 2009; Wasserman and 26 Faust, 1994) to other fields have yielded interesting results and proven that promising areas 27 of research can emerge (see for e.g. Barabasi and Oltvai, 2004; Barthelemy, 2011; Borgatti et 28 al., 2009; Dunne et al., 2002; Emirbayer and Goodwin, 1994; Glaisyer, 2004; McPherson et al., 29 2001; Proulx et al., 2005; Singh, 2005; Sorenson et al., 2006; Watts and Dodds, 2007). In 30 archaeology, there is a burgeoning literature utilising such approaches (see, for e.g. 31 Broodbank, 2000; Brughmans, et al., 2016; Collar et al., 2015; Hage and Harary, 1991; 32 Knappett, 2011, 2013). Notably, these have included attempts to define network properties 33 from distributions of archaeological materials such as physical monuments (e.g. Johansen, et 34 al. 2004), artefacts of known provenance (e.g. Sindbæk, 2007), historically-attested journeys 35 or physical route networks (e.g. Graham 2006; Isaksen, 2008), and other cultural phenomena 36 such as language and legal traditions (e.g. Collar, 2013; Terrell, 2010).37
38 Relevant to this paper, are works that have applied network analysis to explore the structure 39 of past transport networks. In an early application of this type, Dicks (1972) evaluated the 40 Roman road system of Britain via path ordering. More recently, Orengo and Livarda (2015) 41 have tested the same evidence to demonstrate the relation between the trading activities of 42 towns and the connections of nearby transport links.4344 Extending these debates, this paper seeks to demonstrate the applicability of using a popular 45 network measure called PageRank to archaeological questions. An algorithm used by Google 46 Search, PageRank (Brin and Page, 1998) was originally designed as a way of measuring the 47 relative importance of web pages based on the links among them. The intended purpose of 48 such ranking was to filter the web pages and return the most relevant ones in response to a 49 query given to the search engine. However, the algorithm itself is universal and can usefully 50 be applied to other situations where one seeks to identify the importance of entities in a 51 networked system (for example, citation networks (Bollen et al., 2007; Ma et al., 2008), 52 biological networks (Banky et al., 2013; Fletcher and Wennekers, 2017; Ivan and Grolmusz, 53 2011), human movement (Gleich, 2015; Jiang et al., 2008), linguistics (Esuli and Sebastiani, 54 2007), or even networks of graduates’ education institutes and employers (Schmidt and 55 Chingos, 2007)). Jiang (2009), in particular, has shown that there is a strong correlation 56 between the topological structure of human movement and PageRank scores in modern street 57 patterns. In applying this idea, we here advance the hypothesis that the relative rank of urban 58 sites is correlated with the scale of connectivity visible in the associated transport network. 59 As roads fossilise past patterns of movement, it might be expected that there exists a 60 relationship between the degree of connectivity and the status of urban settlements, where 61 the success of high-order functions is partly dependent on their ability to concentrate the flow 62 of information, people, and materials.6364 Applying this hypothesis to Roman and medieval England we show that there is a strong 65 correlation between the status of towns and their proximity to ranked transport nodes. This 66 analysis also shows that temporal factors in the use and development of the transport 67 network are at play. Of particular interest are distinctions between the use of the transport 68 network of roads and navigable waterways at different times. The applicability of PageRank 69 to other forms of network analysis in archaeology is offered in conclusion.
70 2. Data: towns and transport links in Roman and early medieval England71 In general terms, the extents of the road and urban network of Roman Britain are well 72 understood. Roman roads have been the subject of considerable research, notably by Thomas 73 Codrington (1918), Ivan D Margary (1973), and latterly ‘The Viatores’ – a loose association of 74 Roman road enthusiasts, who in collaboration with the Ordnance Survey Archaeology Section, 75 sought to improve on Margary’s general road system. While more recent initiatives by, for 76 example the Roman Roads Research Association (RRRA, 2016), continue to improve our 77 understanding of Roman roads in Britain, including nuancing chronological changes in the use 78 of the network, in broad terms the main routes of Roman Britain are known, some incomplete 79 branches notwithstanding (Fig. 1a).8081 Set alongside the evidence for roads, is that of Roman settlement. Lists of putative Roman 82 towns, reconstructed from epigraphic, documentary, and archaeological sources, have been 83 compiled—amongst others—by Millet (1990) and Burnham and Wacher (1990). Although the 84 precise status of these centres can only be estimated from these fragmentary sources, some 85 basic categories are clear. Millet (1990: 102–3) lists 22 ‘public towns’ comprising civitas-86 capitals, colonia and municipia. Below these most important places are 95 smaller centres—
87 ‘small’ towns—categorised by Burnham and Wacher (1990) as ‘undefended settlements’, 88 ‘minor towns’, ‘minor defended sites’ and specialised ‘religious’ and ‘industrial’ sites (Millet 89 1990, 154–6). While it might be debated how useful such categories are, conflating and 90 simplifying a variety of features visible at these places, they nevertheless form a benchmark 91 from which to examine potential relationships with the transport infrastructure, and are 92 therefore retained in this analysis. 9394 While some Roman roads continued to be used through the medieval period (in some cases 95 until today), this was not always the case. Recent work by Ann Cole (2013) and The 96 Leverhulme Trust funded ‘Travel and Communication in Anglo-Saxon England’ project 97 (2016), have gone some way towards clarifying our understanding of the route-way 98 infrastructure of early medieval England. These works have sought to draw together physical 99 archaeological evidence for roads, place-names documented in early sources containing 100 descriptive labels for route-ways (e.g. Stratton/Stretton (Old English strǣt-tūn ‘main/paved 101 road estate’)), along with other literary and historical evidence. The resulting route map (Fig. 102 1b) shows that there was considerable infilling of the Roman road network, but also in some 103 cases, the partial abandonment of earlier routes in favour of new ones. 104105 This new network of route-ways was largely determined by the landscape of settlement that 106 emerged in the post-Roman period. Following a hiatus in urban dwelling during the fifth to 107 seventh centuries AD, new towns gradually emerged over subsequent centuries, sometimes at 108 the same locations as former Roman towns, but more often than not, at new locations (cf. e.g. 109 Astill, 2000; Hodges, 2012). By the time of the Domesday survey—the ‘Great Survey’ of much 110 of England and parts of Wales completed in 1086 by order of King William—a number of 111 putative ‘urban’ places can be identified. (Because of the incompatibilities between Roman 112 and Domesday evidence, this analysis restricts itself only to England.) Domesday Book 113 associates some 112 settlements with 'burgesses' or townsmen, but of these, perhaps only 72 114 are likely to have been ‘proper’ towns at the time of the Norman Conquest (i.e. given full 115 entries in Domesday Book; containing more than 49 ‘burgesses’). The relative rank of these 116 places can further be gauged both from the textual depiction of places in Domesday Book 117 (eight are given whole sections at the beginning of each county circuit; 35 further places have 118 their own entries, usually prefixed by italic ‘IN’ and are written in capitals in a different 119 colour; etc.), and the cumulative value of assets listed within their respective entries.  120121 A final dataset used in the analysis of both Roman and Domesday towns, is that of navigable 122 waterways. Accounts of the maximum extent of high medieval (c. AD 1300) river navigation 123 have been compiled by a number of authors (e.g. Caffyn, 2010; Edwards, 1987; Edwards and 124 Hindle, 1991; Langdon, 1993, 2007), which have recently been digitized by Eljas Oksanen 125 (forthcoming). With no comparable textual sources for Roman and early medieval times, our 126 analysis assumes that riverine navigation did not differ between the periods (but, on this 127 point, see further discussion by Baker and Brookes, 2013: 172–4; Blair, 2007: 12–13; on 128 Roman navigation see also Jones, 2012).129130 These foregoing datasets were combined in the analysis as point (centroids of town locations) 131 and line (transport routes or navigable waterways) geometry. Because of the existence of a 132 number of dangling ends amongst the route-way data, where the precise course of roads 133 cannot be reliably established, cleaning operations were carried out to establish a connected 134 graph of roads. Nodes were systematically added to all junctions between roads, or roads and 135 waterways (Fig. 2a); where roads did not intersect precisely but passed within 500m of each 136 other, bridging lines were added, along with nodal points where necessary (Fig. 2b). Finally, 137 the network was simplified by removing extraneous nodes, producing an undirected graph 
138 consisting only of intersections and end points, but maintaining the length of connecting links 139 (Fig. 2c). Sometimes, a road or a group of roads can be quite distant (more than 1km away) 140 from the largest cluster of connected roads (called the largest connected component of the 141 road network, in which there is at least a continuous path between all pairs of its nodes), and 142 hence, are not included in the analysis. In terms of the number of nodes, less than 10% of the 143 total number of nodes are excluded from the analysis for being unconnected.144145 It is noted, of course, that our understanding of route-ways, particularly in the early medieval 146 period, but also in Roman times, is patchy, partly because of the differential survival of 147 evidence, and partly due to more intense research carried out in some regions. The route-way 148 datasets used in this analysis reflect our current state of knowledge, with the caveat that 149 better understanding of Roman and early medieval transport networks may lead to different 150 results.
151 3. Applying PageRank analysis152 3.1 PageRank—a method of link analysis153 A network typically comprises many nodes and the links among them that determine their 154 relationship. A common task is to quantify the connections between nodes and identify the 155 most important ones. This topic is of great interest to network science (i.e. the assessment of 156 the importance of nodes in a network), because it can be applied to all systems that can be 157 represented as networks. Such systems occur in many contexts ranging from human relations 158 (e.g. network of people’s interactions (Wasserman and Faust, 1994)), biology (e.g. network of 159 cells within human body (Barabasi and Oltvai, 2004)), ecology (e.g. food chains (Dunne et al., 160 2002)), to technology (e.g. power systems, computer communication (Pastor-Satorras and 161 Vespignani, 2004)) and engineering (e.g. infrasture systems, transportation (Barthelemy, 162 2011)). Identifying key, important entities in these systems enables one to target the right 163 ones for practical purposes.164165 Network analysis offers a wide range of methods to analyse the properties of nodes and links. 166 Among them, a number of centrality measures have been developed to characterise the 167 (relative) importance of nodes (and, in some cases, links). Different centrality measures were 168 developed for different purposes, focusing on different properties of the network. The most 169 commonly used centrality measures are betweenness, closeness, degree and eigenvector 170 (Wasserman and Faust, 1994). In the following, each measure is described and its suitability 171 for transport network analysis is discussed. To keep the discussion simple, we assume that 172 the network is undirected, meaning that if there is a link between a pair of nodes  and , one 𝑎 𝑏173 can either go from  to  or vice versa from  to . In general, this is, of course not always the 𝑎 𝑏 𝑏 𝑎174 case when the link between  and  might represent some unreciprocated relationship; for 𝑎 𝑏175 example, one-way roads where traffic is only allowed to flow in one direction or waterways 176 whose flow is downstream.177 3.1.1 Betweenness centrality178 Betweenness centrality (Brandes, 2001; Freeman, 1978), as its name suggests, measures how 179 often a node in a network lies on the shortest path between all pairs of other nodes. A node is 180 deemed more important if one passes through it more times going from one part of the 181 network to the other. Mathematically, the betweenness centrality of a node  in network  is 𝑛 𝒩182 defined as183
184 𝖇(𝑛) = ∑
𝑎,𝑏 ∈ 𝒩
𝜎(𝑎,𝑏│𝑛)
𝜎(𝑎,𝑏) ,185 ( 1 )186 in which  means the number of shortest paths between the nodes  and , and  𝜎(𝑎,𝑏) 𝑎 𝑏 𝜎(𝑎,𝑏│𝑛)187 the number of such paths passing through . The summation is performed over all pairs of 𝑛188 node  in .(𝑎,𝑏) 𝒩189190 There is a related measure for links, in which a link is perceived as more important if it is 191 traversed more times as part of the shortest paths in the network. Similarly to Eq. ( 1 ), the 192 betweenness centrality of a link  is given by𝑒193194 𝖇(𝑒) = ∑
𝑎,𝑏 ∈ 𝒩
𝜎(𝑎,𝑏│𝑒)




212 ( 3 )213 in which  is the number of nodes in , and  the length of shortest path between nodes 𝑁 𝒩 𝑑(𝑎,𝑛)214  and . (To be very precise, this should be the distance from  to , and  is generally 𝑎 𝑛 𝑎 𝑛 𝑑(𝑎,𝑛)215 not the same as  if the network is directed, but since we focus here only on an 𝑑(𝑛,𝑎)216 undirected network, such a distinction is unnecessary.) As described, the measure is only 217 suitable for identifying nodes near to the centre of the network (Fig. 3).218 3.1.3 Degree centrality219 Degree centrality measures the importance of a node as the fraction of other nodes in the 220 network that the current node is connected to. That means the more connections a node has, 221 the higher is its value of degree centrality. Mathematically, the degree centrality of a note  is 𝑛222 given by223 𝖉(𝑛) = 𝑘(𝑛)𝑁 ,224 ( 4 )
225 in which  means the number of nodes that are connected to . Intuitively, this idea works 𝑘(𝑛) 𝑛226 well in ideal cases but more often than not, it overestimates a node's importance if the node 227 has misleading connections such as roads leading to dead ends in the case of spatial networks.228 3.1.4 Eigenvector centrality229 All three centrality measures discussed above were originally developed in the context of 230 social networks (Freeman, 1978). When applied to spatial networks, such as transportation, 231 they suffer from either underestimating the importance of nodes in the outer parts of the 232 network (betweenness and closeness centrality) or overestimating the importance of nodes 233 having poor links (degree centrality). Improvements in measuring the importance of nodes in 234 a network can be made by considering both the topology of the network and the quality of the 235 links that each node has. One way is to examine the mutual effect of a link between two nodes 236 on their own importance in a recursive manner, i.e. a node’s importance is dependent on its 237 neighbours’ importance, which in turn is dependent on its own importance. This takes on 238 board that not every link contributes equally to the importance of a node but rather benefits 239 from the connection it has with an important node. The importance of each node is 240 determined by finding the solution to a ‘balanced’ set of equations that describe the mutual 241 contribution between a pair of connected nodes,242243 𝑥(𝑛) = 1𝜆 ∑𝑚 ∈ 𝐵(𝑛)𝑥(𝑚),244 ( 5 )245 in which  is the set of neighbours to which node  is connected, and  is some constant.  𝐵(𝑛) 𝑛 𝜆246 Mathematically, this results in a so-called eigenvector problem (Pinski and Narin, 1976; Saaty, 247 1977). The centrality measure arising from this is called eigenvector centrality (Newman, 248 2010). There are many different variants of eigenvector centrality measures that have been 249 developed in the literature (see for e.g. Katz, 1953; Newman, 2010). In this work, we chose to 250 employ the PageRank centrality (Brin and Page, 1998), which has proved to be successful in 251 measuring the importance of nodes based on their connections in a network.252 3.1.5 PageRank253 Let us denote the to-be-determined importance of a node  as  which is dependent on the 𝑛 𝑥(𝑛)254 connections that  has with other nodes, i.e. its neighbours. Assume that  is connected to 𝑛 𝑛 𝑘255  neighbours which are denoted as  ( ). The contribution of a connection to (𝑛) 𝜈𝑛(𝑖) 𝑖 = 1,2,…,𝑘(𝑛)256 a node’s importance is perceived as an equal share of the important of its neighbour (for that 257 connection) among all the neighbours of that neighbour in its turn. In other words, if the node 258  is connected to a node , which has  neighbours,  receives  of 's importance, , 𝑛 𝑎 𝑘(𝑎) 𝑛 1𝑘(𝑎) 𝑎 𝑥(𝑎)259 for that connection. This can be expressed as260261 𝑥(𝑛) = 𝑘(𝑛)∑
𝑖 = 1
𝑥[𝜈𝑛(𝑖)]
𝑘[𝜈𝑛(𝑖)].262 ( 6 )263 This equation applies for all nodes  in , so we have a system of  equations, one for each of 𝑛 𝒩 𝑁264 the nodes in the network, which form an eigenvector problem as mentioned above. In the 265 original development of PageRank, Brin and Page used the idea of a web-surfer who randomly 266 follows the links between webpages to calculate the chance that a page will be visited by that 267 surfer. From the page  where the surfer starts at, he can randomly visit any of the  pages 𝑛 𝑘(𝑛)268 that  has links to, with equal probablity . Therefore, the chance that a page is visited is just 𝑛 1𝑘(𝑛)
269 the sum of such probability of incoming links from all its neighbours (Fig. 4). It was further 270 assumed that after some point, the surfer gets bored and decides not to follow the links 271 among the pages but instead chooses to visit a random page selected from the entire network. 272 This would occur for a fraction  of all the time the surfer visits the pages. When this happens, 𝛽273 the contributions to the importance of  come from both its immediate neighbours and the 𝑛274 random pages that the surfer visited right before landing at . Eq. ( 6 ), therefore, has to be 𝑛275 rewritten as276277 𝑥(𝑛) = 1 ‒ 𝛽𝑁 + 𝛽𝑘(𝑛)∑𝑖 = 1𝑥[𝜈𝑛(𝑖)]𝑘[𝜈𝑛(𝑖)]278 ( 7 )279 to account for the second contribution from all random pages in the network. The quantity 𝑥280  calculated using Eq. ( 7 ) is the PageRank centrality of a node  in the network. A feature of (𝑛) 𝑛281 PageRank score is that it is inherently normalised. That means the PageRank scores of all 282 nodes in the network sum up to unity. This can be easily seen by writing Eq. ( 7 ) for each and 283 every node in the network and summing them up; the terms on the right-hand side will 284 automatically cancel each other resulting in unity.285 3.2 Application of PageRank method to towns and roads286 PageRank can be applied to analyse the structure of a route-way network and quantify the 287 importance of transport nodes. In a network of roads, where two nodes (junctions) are linked 288 by a road, they influence one another in a manner similar to web pages (Sec. 3.1.5, above). In 289 other words, a junction benefits from having a direct connection to an important junction, and 290 all junctions connected to an important junction receive equal shares of that junction’s 291 importance. The two terms in Eq. (7) above can be regarded, respectively, as ‘endogenous’ 292 and ‘exogenous’ contributions to the importance of a node in the transport network. The 293 latter derive from neighbouring nodes, whereas the former refer to the intrinsic value of the 294 node itself.295296 After pre-processing the data (Sect. 2., above) we calculate the PageRank score  of all 𝑃𝑅(𝑛)297 nodes  in the connected graph of networked route-ways. Two different versions of PageRank 𝑛298 can be computed: weighted and unweighted. In the unweighted version, all connections are 299 treated equally and Eq. ( 7 ) is used in the calculation. In the weighted version (Xing and 300 Ghorbani, 2004), each link between a pair of nodes carries a weight to reflect their particular 301 relationship. A higher weight value means the pair are closer, and hence, could influence each 302 other more easily. This is in fact what we expect to happen in reality. For example, in a 303 transport network, a node that is close to an important node should benefit more than one 304 further away, in other words, the weight of a road linking two junctions decreases with its 305 length, i.e. the actual distance tracing the physical transport link. Several methods have been 306 proposed to weight transport links, with the inverse power-law of length is commonly used 307 (Wei-Chien-Benny and Tzai-Hung, 2015). However, in our analysis, weighted PageRank 308 produced similar results to the unweighted version (see Sec. 5 for a discussion); thus, for the 309 sake of simplicity, we calculated only the unweighted PageRank scores for all nodes. The 310 factor  (called damping factor) in Eq. ( 7 ) is set to 0.85, as suggested in the literature (Brin 𝛽311 and Page, 1998).312313 Once the PageRank scores have been calculated, the nodes are ranked in descending order, i.e. 314 the node  with highest score  has rank  and the node  with lowest score  𝑛 𝑃𝑅(𝑛) 𝑅𝑛 = 1 𝑛' 𝑃𝑅(𝑛')315 has rank , where  is the total number of nodes in the network. It is reasonable to 𝑅𝑛' = 𝑁 𝑁
316 assume that a town’s importance is reflected by the importance of transport nodes 317 surrounding it (based on the nodes' ranking using PageRank score). Let us consider a town , 𝑇318 and identify the transport nodes  that are within a distance of  from  (see Sec. 4.1). The 𝑖 5𝑘𝑚 𝑇319 highest PageRank score among all these nodes is assigned to , and the relative importance of 𝑇320 town  is given by the normalised rank  of that node with highest local PageRank score,𝑇 𝑟𝑚321322 𝑟𝑚 = 𝑅𝑚𝑁 .323324 The smaller  is, the more important the town  is, in terms of transport links (Fig. 5).𝑟𝑚 𝑇325326 The normalised rank  can be conveniently presented as a percentage to give us the 𝑟𝑚327 impression of the relative importance of a town near to it. In the analysis, we consider the top 328  (rounded to nearest integer), i.e. , transport nodes to be important.15% 𝑟𝑖 ≤ 0.15
329 4. Route-way networks and town location in Roman and early medieval England 330 4.1 Roman towns331 The Romanisation of Britain involved the establishment of urban sites of various kinds along 332 with the development of a transport infrastructure. It is therefore axiomatic that the spatial 333 pattern of Roman roads relates in some way to that of Roman towns. Using the PageRank 334 calculation based on connections of transport nodes, it can be demonstrated that more 335 important towns were strategically located near to well-connected transport nodes; ‘near’ in 336 this analysis being defined as within 5km – approximately 1 hour’s walking distance (Ohler 337 1989: 101) (Fig. 6). Of  Roman towns, 58 (49.6%) were located within 5km of transport 117338 nodes in the top  of highest PageRank score (Table 1); including 19 places in England 15%339 identified by Millet as ‘public towns’ (perhaps significantly, the two ‘public towns’ of Millet’s 340 list that lie in Wales—Caerwent and Carmarthen—are not located near high rank transport 341 nodes when Wales is included in the analysis; the only English exception—Isurium—was near 342 a node ranked 15.7%). Two additional places deemed by Mattingley (2006: 268–9) to be 343 significant urban sites (Corbridge and Water Newton), also fit this description. Of the 344 remaining 38 ‘small’ towns, a large proportion (22/57.9%) had a military function/origin as a 345 fort, slightly above the proportions of all ‘small’ towns that were forts (i.e. 45.3%)(‘origin’ as 346 defined by Millet, 1990: 154–5) . Similarly, a marginally greater number (16/42.1%) 347 originated as Late pre-Roman Iron Age settlements (37.9% of all ‘small’ towns). In both cases, 348 this might support the view that nodal centrality developed relatively early in the evolution of 349 the transport network, as might be expected if roads were laid out as part of the process by 350 which a new territory was occupied and pacified. Perhaps paradoxically, ‘small’ towns that 351 originated as putative ‘communications’ hubs at road intersections, typically display a low 352 PageRank score: only two of 17 such sites are within the top 15% of transport links. It might 353 be argued that such sites were a secondary development to that of the transport network, 354 rather than determining it.355356 Amongst the ‘small’ towns, six of the eight settlements defined by Burnham and Wacher 357 (1990) as ‘industrial’ sites, are close to nodes of highest 15% PageRank score. Also, near these 358 transport nodes are all but one (Magnis (Kenchester, Herefordshire)) of those sites identified 359 by Burnham and Wacher as ‘potential cities’ or ‘possible civitas capitals’ but ranked by Millet 360 amongst ‘small’ towns. By contrast, most of those places categorised by Burnham and Wacher 
361 as ‘undefended settlements’, ‘minor towns’, ‘minor defended sites’ and specialised ‘religious’ 362 settlements were poorly connected to nodes of high PageRank.363364 Addition of riverine connections to the analysis changes the relative ranking of nodes, 365 particularly along the eastern seaboard of England, where major rivers such as the Trent, 366 Nene, Great Ouse, and Thames provide significant inland navigations. Their effect on the 367 connectivity on Roman towns is, however, relatively limited. Only 35 of the 117 Roman towns 368 (29.9%) see an improvement in their location relative to transport nodes when navigable 369 waterways are included. However, amongst the 58 most connected places, it is striking that 370 the nodal location of six ‘public’ towns was significantly improved by the addition of 371 waterways, with two (Lindum (Lincoln) and Isurium (Aldborough)) seemingly owing their 372 importance to a nodal position on terrestrial and riverine routes. Indeed, the Trent/Ouse and 373 Severn catchments appear to have been particularly significant in determining the nodal 374 centrality of settlements, a finding that accords well with the distribution of imported exotica 375 into Britain, particularly during the Middle and Late Roman phases (Orengo and Livarda 376 2015). By way of contrast, because it is already well-served by roads, Londinium’s 377 connectivity improves only slightly if the River Thames is included in the analysis. In yet other 378 cases, riverine movement appears to have taken advantage away from ‘small’ towns such as 379 Brampton and Derventio (Little Chester, Derbyshire).380381 4.2 Urban development and transport networks through time: Roman and Domesday networks 382 compared383 It is commonly assumed that Roman roads formed the backbone of later transport 384 developments in England; indeed, many maps purportedly showing early medieval route-385 ways in fact show Roman roads (e.g. Hill, 1981; Pelteret, 1985). Certainly, many Roman roads, 386 or at least their alignments, did carry on into the Middle Ages, but their survival depended on 387 at least two basic premises: whether they were fit-for-purpose, and whether they led to where 388 people wanted to go. In order to explore these questions, PageRank analysis was applied to 389 the reconstructed early medieval route network and compared to the locations of towns 390 recorded in Domesday Book.  A key question this analysis sought to address was whether an 391 examination of the transport infrastructure helps to understand, firstly, why certain Roman 392 towns were re-established in the medieval period and others weren’t, and secondly, whether 393 there was a correlation with the longer-term success or failure of these places?394395 While civic and religious associations undoubtedly were the greatest determinants for urban 396 renewal (cf. e.g. Blair, 2005: 246–90; Carver, 2010: 127–45), transport utility may also have 397 played a part. Of the 112 Roman towns in England listed by Millet (1990), only 23 had been 398 re-established by the late eleventh century; but perhaps significantly 20 of these were 399 settlements that had been located within 5km of Roman transport nodes in the top 15% of 400 highest PageRank score (Table 2; Fig. 7). Whilst the other three re-founded sites were not 401 located near important transport nodes in Roman times, all are better connected to the early 402 medieval network. These sites are, therefore, potentially significant in showing the 403 development of the transport infrastructure over the first millennium AD. In the case of 404 Worcester, the relatively poorly connected Roman ‘industrial’ town had by Domesday become 405 a major shire town straddling a transport node with a top 1% PageRank score (when 406 waterways are included). Here, it would seem that the emergence of a central place drove the 407 construction of transport links connecting it to the rest of the network. In other cases, pre-408 existing transport connections influenced the development of towns. Roman Vindonium 409 (Neatham, Hampshire), although an important early medieval royal and hundredal manor on 410 the former Roman road from Chichester to Silchester, was poorly connected to transport 
411 nodes, so it is not surprising that by the 12th or 13th century the local focus of business had 412 moved 2km away to Alton, on the main road between Winchester and London (Page, 2005). 413414 Of the 20 Roman ‘public’ towns in England, 13 had been re-established as towns by the time of 415 the Domesday survey, a further two by AD 1150. All eight settlements that on Domesday 416 evidence might be convincingly understood as ‘cities’, had their origins as Roman ‘public’ 417 towns that were located near very well connected former Roman transport nodes, especially 418 with rivers. Indeed, among these cities, it can be observed that Exeter, Gloucester and Lincoln 419 all benefited hugely from nearby navigable waterways. Amongst those that were not re-420 established were Isurium Brigantum (Aldborough) which was not located close to an 421 important Roman road node, and two sites that had become significantly less well connected 422 by early medieval times, supporting the idea that the infilling of the Roman road network 423 paralleled the emergence of new nodal locations. In the case of Caistor-by-Norwich, a shift in 424 settlement location to nearby Norwich saw a reorganisation of route-ways serving the 425 settlement. Likewise, an attempt to re-found Roman Petuaria (Brough-on-Humber) in the 426 early 13th century (Alison, 1979: 95), may have been ultimately unsuccessful because by this 427 date there existed no transport nodes of note in its vicinity. Amongst the highest status 428 Roman towns that failed to re-emerge were Viriconium (Wroxeter) and Calleva Atrebatum 429 (Silchester), but in these cases an explanation from the perspective of transport geography 430 cannot be put forward.431432 Comparison between the 15% nodes of highest PageRank score in Roman and early medieval 433 times show that there was a subtle shift in connectivity across the whole network (Fig. 8). 434 During the Roman period areas such as Essex and the Somerset coast were particularly well 435 served by route-ways, perhaps in part reflecting main vectors of Continental connections via 436 the Severn and Thames estuaries. By Domesday, new areas of dense connectivity are visible 437 particularly in Worcestershire, where good evidence has allowed for the detailed 438 reconstruction of a large number of saltways (Hooke, 1985: 124–6), and around the fringes of 439 the Wash, a zone of very high levels of early medieval activity (Blair, forthcoming). 440441 In this and other ways the Domesday urban landscape differed from that of Roman Britain. 442 PageRank analysis show that 39 of 72 (54.2%) towns were located within 5km of transport 443 nodes in the top  of highest PageRank score, an increase from Roman times (Table 3). 15%444 Such a finding might be expected if we consider that by 1086 urban and network 445 development had evolved together for a millennium. However, unlike Roman towns, early 446 medieval centres appear to have been preferentially sited to access maritime connections. 29 447 of 72 (40.3%) see an improved location relative to transport nodes when navigable 448 waterways are included. In the case of major cities such as Lincoln and York, connection to 449 river transport appears to have been especially important, as they are not otherwise close to 450 important road nodes. The PageRank method also highlights the importance of new nodes in 451 the southwest of the country at the intersections of roads and waterways.452453 While the majority of Domesday towns were located within 5km of transport nodes in the top 454  of highest PageRank score, some important places were relatively poorly connected, 15%455 most notably in the midlands. If one considers, for example, only the main county towns that 456 by the eleventh century were central-places for the administration of the midland shires, it is 457 surprising to find that at least a third were located well away from major transport hubs 458 (Table 4). As many of these settlements appear to have been elevated in status during the 459 tenth century as part of the extension of the shire system into the midlands, it is possible that 460 routeways connecting these places had yet to fully develop. 461
462 Further indications that the evolution of the route-way network and the success of towns over 463 longer timescales is suggested also by the analysis of those 40 settlements that have 464 'burgesses' named in Domesday Book, but might in other ways not classify as ‘proper’ towns 465 (Table 5). 67.5% (27) of these places are not located within 5km of transport nodes in the top 466  of highest PageRank score; 85% (34) when only roads are considered. Amongst these 15%467 poorly connected places are 12 that were no longer towns by AD 1300, including the major 468 Domesday borough of Torksey (Hadley and Richards 2016), which, though well connected by 469 river, was poorly served by nearby major road nodes. 
470 5. Discussion: PageRank and the analysis of networks471 5.1 Choice of PageRank over other centrality measures472 The foregoing analysis suggests that PageRank is particularly well suited to quantifying the 473 relative importance of nodes in transport networks. The seeming correspondence between 474 the PageRank of transport nodes and the relative status of the nearby towns suggests that 475 there is some causal link between urban status and transport connectivity. By comparison, 476 three other commonly applied measures of centrality, namely betweenness, closeness and 477 degree centrality, either under- or over-estimate the importance of nodes in a number of 478 scenarios (Fig. 3). These biases are manifest when applied to the same road and river data. 479 For example, transport nodes in the southwest and southeast of England would not rate 480 highly if rankings were based on betweeness centrality, because nearby transport nodes are 481 rarely on the shortest paths in the transport network. PageRank centrality, by contrast, does 482 assign these nodes greater importance because these places are linked to other important 483 nodes in the network. It should be noted that degree centrality is known to produce similar 484 results to PageRank (Perra and Fortunato, 2008). This is also reflected in Fig. 3 where the 485 transport nodes with highest degree centrality produce comparable pattern to those with 486 highest PageRank scores. However, degree centrality gives more emphasis to junctions in 487 midland England, ignoring the evident importance of coastal locations. Alternatively, degree 488 centrality over-emphasises the importance of nodes with dangling connections – in effect, 489 increasing the significance of places where the partiality of evidence allows us to reconstruct 490 only part of the course of a route-way. It has been reported that degree centrality measure 491 and PageRank produce identical results only when all the nodes have the same degree 492 (Grolmusz, 2015), which is not the case in this work.493494 It is noteworthy that the idea of nodes having greater importance due to connections with 495 other important nodes in the network is a common feature of PageRank and eigenvector 496 centrality described in Sec. 3.1.4. Eigenvector centrality has been recently applied to 497 archaeological problems (Collar et al., 2015; Gjesfjeld, 2015; Golitko and Feinman, 2015); 498 however, it has been noted that eigenvector centrality, as defined in Eq. (5), can be unstable 499 and produce significantly different results when there are slight changes made to the network 500 (Costenbader and Valente, 2003; Mills et al., 2013; Gjesfjeld, 2015). Indeed, this was also 501 observed in our analysis. PageRank, on the other hand, appears to be more stable, perhaps 502 due to the damping term included in Eq. (7). Furthermore, the mathematical form of 503 PageRank provides a more sensible interpretation of the flows between nodes in a transport 504 network, where not only endogenous and exogenous values are taken into account, but also 505 how contributions from each node are distributed to its neighbours (i.e. node  contributing 𝑛506  of its importance to its neighbours depending on the number of neighbours in PageRank 𝑥(𝑛)𝑘(𝑛)507 calculation, rather than a flat contribution  that is globally apportioned in eigenvector 𝑥(𝑛)𝜆508 centrality measure).
509 5.2 Weighted PageRank510 As briefly discussed in Sec. 3.2, adjustment can be made to the implementation of the 511 PageRank calculation. One important consideration is the relative weighting of connections in 512 the network. It can be assumed that the weight of a link between two nodes must be related to 513 the physical length of that link. In the PageRank algorithm (Langville and Meyer, 2005; Page et 514 al., 1999), the weight of a link represents the strength of connection between two nodes. The 515 larger the weight is, the stronger that connection, and therefore, the more influence one node 516 has on the other. The greater the distance between two nodes—i.e. the length of the link—the 517 less weight that connection carries in the network, and the less benefit nodes can draw from 518 each other (Xing and Ghorbani, 2004).519520 In our analysis, the weighted PageRank scores do not seem to provide a better match between 521 the calculated importance of a transport node and its nearby town(s), as compared to the 522 unweighted PageRank scores. There could be many reasons for this. First of all, it is observed 523 that the length of road segments connecting the junctions are approximately uniform. As a 524 result, the weight, which is based on such length, gives little difference. In cases where the 525 road lengths are not equal, the effect of weighting will come in to play. However, we do not 526 really know how the physical length of a road would affect the actual relationship between 527 the two junctions that it connects, apart from that being a decreasing relation. Therefore, a 528 priori, we feel that applying equal weights to all connections, i.e. unweighted calculation, is a 529 fair treatment.530 5.3 General observations531 Political and military factors were likely to have been major drivers of urban foundation 532 during the Roman Empire, particularly in the early stages of Roman rule. PageRank analysis of 533 the contemporary transport network, suggests that road connections laid out between these 534 centres were especially important, providing for the mobilisation of military assets and the 535 efficient administration of the province. The role of navigable waterways in connecting places 536 appears to have been less important on the basis of the PageRank results. Partly, this 537 observation is likely to reflect temporal changes in the Roman economy. Orengo and Livarda 538 (2015, 33) suggest that the distribution of exotic goods into Roman Britain appears not to 539 have been carried out via rivers after the Early Roman period, presumably after the 540 establishment of the full road network used in this analysis. Likewise, the proliferation of 541 ‘small’ towns in the Late Roman period may account for the poor correlation between classes 542 of ‘undefended settlements’, ‘minor towns’, ‘minor defended sites’ and specialised ‘religious’ 543 settlements with nodes of high PageRank, as these came to the fore as a secondary 544 development to the transport network. Future work could usefully examine chronological 545 variation in the spatial patterning of such settlements.546547 If Late Roman towns can be characterised as centres of consumption, early medieval towns by 548 contrast were more orientated towards production (cf. Palliser, 2000, 21–4), with an 549 attendant different relationship to the transport network. PageRank analysis suggests that the 550 use of navigable rivers (and by implication the sea) became much more significant in 551 determining the location and status of towns. In part, this may reflect something of the quality 552 of early medieval roads and the preference for riverine over terrestrial movement (cf. 553 Stenton, 1936); but the frictionless transport of commodities is also likely to have been 554 determining. Shipping was an important aspect of the medieval economy and the ranking of 555 nodes connecting rivers and roads reflects this orientation. 556557 Significantly, the PageRank analysis provides some possible insights into the success and 558 failure of different towns over the longue durée. In both Roman and early medieval examples 
559 there is a good correlation between the relative status of towns, defined in terms of legal 560 status or fiscal value, and their proximity to transport nodes of high connectivity. And in both 561 cases it can be shown that settlements that were poorly connected were unlikely either to re-562 emerge or flourish as central-places. Of the Roman ‘public’ towns that failed to become early 563 medieval towns, most were—or became—less well connected by 1086. Likewise, 12 of the 15 564 places listed with burgesses in Domesday Book but failed as towns over the course of the later 565 Middle Ages, were also ones located away from major transport hubs. This close 566 correspondence between the long-term development of a town and its proximity to important 567 transport nodes, in some cases (e.g. Worcester) driving the development of a transport 568 infrastructure, reinforces the view that transport connectivity was at least one precondition 569 for urban success. While factors other than the PageRank of nearby transport nodes were also 570 important in determining the success of urban places over time, this study suggests that an 571 examination of network connectivity provides useful data for further analysis. 
572  5. Conclusion573 With network analyses becoming more frequently applied methods in archaeology it is 574 important to appreciate the relative merits of different forms of link analysis. In this study 575 PageRank is shown to be a powerful addition to the cannon – producing results that can be 576 used to make broader observations about the dynamics of urban development in England 577 during the first millennium AD. While PageRank has been used in other contexts (see Sec. 1) it 578 has yet to be used widely in archaeology. Two examples to date have both sought to use the 579 technique to mine archaeological datasets, either to estimate the archaeological potential of 580 urban deposits (Dubbini and Gattiglia 2014), or predictively model historic landuse (Dubbini 581 and Lodoen 2016). Here, we have argued that PageRank has potential in archaeological 582 applications examining physical networks. Other applications of this approach are manifold, 583 including riverine and maritime networks, trade links, itineraries, and urban street patterns, 584 as are analyses of cultural, social and linguistic connections, wherever these can be presented 585 in the form of a network.
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594 Figure captions595 Figure 1. (a) Roads and towns in Roman Britain; (b) Early medieval route-ways and principal 596 settlements of England listed in Domesday Book.597 Figure 2. A description of the cleaning operations carried out to produce a connected graph of 598 route-ways. (a) Two roads  and  with segments defined by the corresponding sequence of 𝐴 𝐵599 points  and  intersect in the middle of their segments. When the (𝐴1,𝐴2,𝐴3,𝐴4) (𝐵1,𝐵2,𝐵3,𝐵4)600 point of intersection is not recorded in either A or B, a new point I was added to both of them, 601 resulting in the new sequences  and , respectively. (b) Two non-(𝐴1,𝐴2,𝐼,𝐴3,𝐴4) (𝐵1,𝐵2,𝐼,𝐵3,𝐵4)602 intersecting roads  and  with segments defined by the corresponding sequence of points 𝐴 𝐵
603  and  are connected if they are within 500m of each other. New (𝐴1,𝐴2,𝐴3,𝐴4) (𝐵1,𝐵2,𝐵3,𝐵4)604 points are added if necessary as in 2a. (c) Network of points on roads  and  with segments 𝐴 𝐵605 defined by the corresponding sequence of points  and  is (𝐴1,𝐴2,𝐼,𝐴3,𝐴4) (𝐵1,𝐵2,𝐼,𝐵3,𝐵4)606 simplified to a graph of only intersections and end points by eliminating intermediate nodes 607 of degree , keeping the end points of degree  and intersections of degree . The 𝑘 = 2 𝑘 = 1 𝑘 > 2608 length of the remaining connections are preserved, (i.e. the same as when the intermediate 609 points are present.610 Figure 3. Comparison of identification of top 15% most important transport nodes in the 611 network of Roman roads using four different centrality measures, namely betweenness 612 centrality, closeness centrality, degree centrality and PageRank. This illustrates the suitability 613 of PageRank over the other three commonly used measures in network analysis when the 614 identified top nodes show good correlation with important Roman towns.615 Figure 4. Illustration of idea behind PageRank. The values associated with the links indicate 616 the amount of importance that the target nodes earn from those connections. For example, the 617 importance of node  is the sum of all the contributions from its neighbours , , ,  𝐴 𝑥(𝐵)𝑘(𝐵) 𝑥(𝐶)𝑘(𝐶) 𝑥(𝐷)𝑘(𝐷) 𝑥(𝐸)𝑘(𝐸)618 and , and a fixed term as described in Eq. ( 7 ).𝑥(𝐹)𝑘(𝐹)619 Figure 5. An illustration of connectivity score of a town. Only the three nodes ,  and  𝑁2 𝑁3 𝑁8620 (crosshatched) within  distance of the town  (hollow) are considered. The connectivity 5𝑘𝑚 𝑇621 score of  is given by .𝑇 max {𝑃𝑅(𝑁2),𝑃𝑅(𝑁3),𝑃𝑅(𝑁8)}622 Figure 6. Locations of Roman towns and nearby top transport nodes.623 Figure 7. Locations of Domesday towns and nearby top transport nodes. 624 Figure 8. Kernel density estimation plots of the top 15% of transport nodes in the Roman 625 (left) and early medieval (right) networks. Also depicted are rankings of the top 15% of 626 nodes. 
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1 Table captions23 Table 1. Roman towns in England (after Millet 1990, 154–5) located within 5km of the top 4 15% of transport nodes (value is bracketed if not in top 15%) defined by the road network 5 (R), and the road and navigable waterway network (R+). ‘Public’ towns are in Bold.6 Table 2. Roman towns in England that re-emerged as towns by the late 11th century, and their 7 proximity to PageRank nodes of the Roman and early medieval (DB) transport networks 8 (value is bracketed if not in top 15%).9 Table 3. Domesday towns located within 5km of early medieval transport nodes in the top 10  of highest PageRank score, without (DB R) and with rivers (DB R+). Also shown is the 15%11 relationship of these places to Roman transport nodes (Rom R; Rom R+). (Value is bracketed 12 if not in top 15%.)13 Table 4. Domesday county towns of Midland England, and their proximity to early medieval 14 transport nodes (value is bracketed if not in top 15%).15 Table 5. 40 lesser boroughs listed in Domesday Book, and the PageRank of transport nodes 16 within 5km. Also shown is whether these settlements were still classed as boroughs in AD 17 1300.181920 Table 1:21 Milletno Romantown Roman name Description %R %R+5 Brough-on-Humber Petuaria civitas capital 5 532 Wroxeter  civitas capital 4 037 Leicester Ratae Coritanorum civitas capital 10 1041 Caistor-by-Norwich Venta Icenorum civitas capital 1 287 Cirencester Corinium Dobunnorum civitas capital 1 195 Silchester Calleva Atrebatum civitas capital 4 5103 Ilchester Lindinis civitas capital 8 8104 Exeter Isca Dumnoniorum civitas capital 8 0107 Winchester Venta Belgarum civitas capital 2 2109 Chichester Noviomagus Regnorum civitas capital 1 1110 Canterbury Durovernum Cantiacorum civitas capital 0 0111 Dorchester Durnovaria civitas capital 6 7113 Carlisle Luguvalium civitas capital 3 43 Aldborough Isurium Brigantum civitas captial 43 164 York Colonia Eboracensium colonia; municipium 5 018 Lincoln Colonia Domitiana Lindensiumlindum colonia; municipium 21 367 Gloucester Colonia Nervia Glevensiumcolonia colonia; municipium 14 178 Colchester Colonia Claudia Victricensis colonia; municipium 6 381 Verulamium Verulamium colonia; municipium 1 190 London Londinium colonia; municipium 1 183 Chelmsford Caesaromagus civitas captial; definite fort 5 529 Saltersford Perhaps Causennis communications? 8 931 Willoughby Vernemetum communications? 5 7
14 Northwich Condate definite fort 15 1523 Whitchurch Mediolanum definite fort 12 2634 Penkridge Pennocrucium definite fort 10 1072 Dropshot Magiovinium definite fort 13 137 Dragonby  definite LPRIA site 5 628 Sleaford  definite LPRIA site 4 1984 Heybridge  definite LPRIA site 4 58 Kirmington  dual LPRIA/fort 8 860 Coddenham Combretovium dual LPRIA/fort 11 1112 Wilderspool  industrial site 45 2114 Brampton  industrial site 8 2525 Little Chester Derventio industrial site; definite fort 7 12101 Charterhouse-on-Mendip Perhaps Iscalis industrial site; definite fort 14 1349 Droitwich Salinae industrial site; dual LPRIA/fort 12 1317 Middlewich Salinae industrial site; probable fort 3 421 Thorpe-by-Newark Ad Pontem minor defended settlement; definite fort 13 258 Cambridge Duroliponte minor defended settlement; dual LPRIA/fort 11 146 Godmanchester Durovigutum minor town; definite fort 36 1094 Mildenhall Cunetio minor town; probable fort 13 122 Malton Derventio possible civitas capital; definite fort 0 040 Water Newton Durobrivae potential city; definite fort 3 2112 Corbridge Coriosopitum potential city; definite fort 13 1499 Rochester Durobrivae potential city; definite LPRIA site 69 592 Sea Mills Abona probable fort 39 1157 Sandy  probable LPRIA site 8 9105 Badbury Vindocladia probable LPRIA site 12 12106 Old Sarum Sorviodunum probable LPRIA site 4 513 Buxton Aquae Arnemetiae religious site; dual LPRIA/fort 13 13100 Bath Aquae Sulis religious site; dual LPRIA/fort 7 368 Wycomb  religious site; probable LPRIA site 12 1316 Heronbridge  uncertain 10 076 Great Dunmow  uncertain 2 377 Braintree  undefended settlement; definite LPRIA site 10 1096 Staines Pontibus undefended settlement; probable fort 51 930 Sapperton Perhaps Causennis undefended settlement; probable LPRIA site 5 72223 Table 2Millet no. Roman town Description % Rom R % Rom R+ % DB R % DB R+111 Dorchester Roman civitas capital; major Domesday town 6 7 5 6103 Ilchester civitas capital; small Domesday town, 107 messuages 8 8 1 237 Leicester civitas capital; major Domesday town 10 10 2 3104 Exeter civitas capital; Domesday city 8 0 9 1
107 Winchester civitas capital; Domesday city 2 2 2 3109 Chichester civitas capital; Domesday city 1 1 9 10110 Canterbury civitas capital; Domesday city 0 0 0 04 York colonia / municipium; Domesday city 5 0 (48) 118 Lincoln colonia / municipium; Domesday city (21) 3 (33) 667 Gloucester colonia / municipium; Domesday city 14 1 8 178 Colchester colonia / municipium; major Domesday town 6 3 1 081 Verulamium Colonia / municipium; as St Albans small Domesday town, 46 messuages 1 1 (36) (48)90 London colonia / municipium; Domesday city 1 1 3 014 Northwich definite fort; Probably a de facto market by 1086 15 15 14 1349 Droitwich industrial site / dual LPRIA/fort; small Domesday town, 89 messuages 12 13 14 1550 Worcester industrial site / probable LPRIA site; major Domesday town (73) (74) (16) 1108 Neatham (as Alton) minor defended settlement / communications?; recorded 1086, mercatum (69) (69) (25) (27)58 Cambridge minor defended settlement; dual LPRIA/fort; major Domesday town 11 1 13 199 Rochester potential city / definite LPRIA site; major Domesday town (69) 5 (32) 6106 Old Sarum probable LPRIA site; small Domesday town, unspecified number of messuages 4 5 3 4100 Bath religious site; dual LPRIA/fort; small Domesday town, 20 messuages 7 3 11 1596 Staines undefended settlement / probable fort; 1218, mercatum. (51) 9 (51) (27)
19 Horncastle  mint 970s–1016, Commercial and administrative centre of the important soke of Horncastle from the 10th century. (86) (87) (60) (60)2425 Table 3:Borough Domesday status % Rom R % Rom R+ % DB R % DB R+Canterbury City 0 0 0 0Chichester City 1 1 9 10Exeter City 8 0 9 1Gloucester City 14 1 8 1Lincoln City (21) 3 (33) 6London City 1 1 3 0Winchester City 2 2 2 3York City 5 0 (48) 1Arundel Major (44) (20) (60) 7Cambridge Major 11 1 13 1Chester Major 10 0 12 2Colchester Major 6 3 1 0Derby Major 7 12 5 7Dorchester Major 6 7 5 6Hereford Major (18) (19) 6 12Huntingdon Major (36) 10 13 (19)Ipswich Major (32) (33) 11 (20)Leicester Major 10 10 2 3
Lewes Major (28) (22) 6 4Norwich Major 1 2 (50) 3Nottingham Major (95) (68) (63) 6Oxford Major (49) (16) (19) 13Rochester Major (69) 5 (32) 6Wallingford Major (19) (18) 1 2Worcester Major (73) (74) (16) 1Bath Small 7 3 11 15Bridport Small (86) (87) 10 10Droitwich Small 12 13 14 15Fordwich Small 0 0 0 0Grantham Small 8 9 12 14Ilchester Small 8 8 1 2Louth Small (95) (95) 6 7Lydford Small 5 6 4 5Newark Small (62) 13 9 1Old Sarum Small 4 5 3 4Taunton Small (89) (78) (66) 2Totnes Small (81) (83) 6 4Wilton Small 4 5 3 4Yarmouth Small (43) (17) (85) 142627 Table 4:County towns Shire % DB R % DB R+Bedford Bedfordshire (81) (80)Buckingham Buckinghamshire (36) (36)Cambridge Cambridgeshire 13 1Chester Cheshire 12 2Derby Derbyshire 5 7Gloucester Gloucestershire 8 1Hereford Herefordshire 6 12Hertford Hertfordshire (23) (25)Huntingdon Huntingdonshire 13 (19)Leicester Leicestershire 2 3Lincoln Lincolnshire (33) 6Northampton Northamptonshire (44) (43)Nottingham Nottinghamshire (63) 6Oxford Oxfordshire (19) 13Shrewsbury Shropshire (68) (65)Stafford Staffordshire (gone by 1086) (94) (95)Stamford Stamfordshire (69) (96)Warwick Warwickshire (99) (99)Winchcombe Winchcombeshire (gone by 1086) (62) (62)Worcester Worcestershire (16) 12829 Table 5:Borough Town in 1300? % DB R % DB R+
Ashwell no (81) (80)Axbridge yes (96) (11)Beccles yes (85) (89)Bedwyn no (62) (61)Bradford on Avon yes (50) (50)Bridlington yes (77) (76)Bruton yes (69) (69)Calne yes (59) (58)Clare yes (48) (48)Clifford no 2 3Dadsley no (34) (40)Dunwich no (43) (43)Ewias Harold no 7 8Eye yes (84) (84)Frome yes (54) (57)Langport yes (69) 2Milborne Port no (72) (73)Milverton no (92) (94)Newport Pagnell yes (48) (47)Okehampton yes 4 5Penwortham yes 1 1Pershore yes (48) (22)Pocklington yes 7 8Quatford no (48) 14Reading yes (61) (67)Rhuddlan yes (97) (99)Rye yes (92) 4Southwark yes 3 0St Albans yes (36) (48)Stanstead Abbots no (23) (25)Tanshelf yes (53) 8Tewkesbury yes (28) 3Tilshead no (26) (28)Torksey no (37) 7Tutbury no (94) (95)Warminster yes (60) (61)Wigmore no (16) (17)Wimborne Minster yes (28) (32)Winchcombe yes (62) (62)Windsor yes (97) (28)30
